Tne 10-year growth of a 55-year-old, even-aged western larch ( Larix occidentalis jj,utt.) stand after it was thinned from above and below to a wide range of stocking levels was measured in eastern Oregon. Basal area and volume growth increased as stand density increased for both thinning methods. Despite heavy infestations of the larch casebearer during the last 4 years, diameter growth was greater in the second 5-year period than the first, but height growth was reduced considerably because of top dieback
Introduction
Many even-aged western larch ( Larix occidentalis Nutt.) stands in northeastern Oregon are heavily overstocked in the seedling and sapling stage and require thinning to concentrate growth on fewer trees that will be merchantable sooner. Levels-of-g rowing stock and spacing studies in such stands provide data on longterm growth and yield that are useful in the development of managed yield tables and to verify simulation models designed to predict growth and yield for management alternatives.
This note presents results from a levels-of-growing-stock study begun in 1970 in the Blue Mountains of northeastern Oregon. 2 The study was designed to obtain basic information on the growth of even-aged larch stands thinned to several density levels by two methods. Results for the first 5 years of this study were reported by Seidel (1975) .
Study Area
The study is located on Boise-Cascade land about 6 miles northwest of Elgin, Oregon, on a gentle east-facing slope at an elevation of about 3,000 feet. The stand, 55 years old when first thinned in 1970, has a site index of about 83 feet at age 50. 3 The soil is classified as a Tolo silt loam, which is a well-drained Regosol developed from dacite pumicite originating from the eruption of Mount Mazama (Crater Lake) 6,500 years ago. It is underlain at a depth of about 4 feet by a buried soil developed from basalt.
The larch stand on the study area is a serai stage of an Abies grandis/Pachistima myrsinites plant community (Franklin and Dyrness 1973) (Schmidt et al. 1976) 
Methods
The stud y consists of a 4 by 2 factorial randomized complete block design replicated two times for a total of sixteen 0.286-acre plots. It is designed for thinning at 10-year intervals, with remeasurement every 5 years. The first factor, density, consists of four levels: 50, 90, 130 , and 170 square feet of basal area per acre. The second factor is the thinning method: from above (cutting the largest trees--dominants and codominants) and from below (cutting the smallest trees -suppressed, intermediate, and smaller codominants). Split-plot analyses of variance were used to test significance of treatment effects for two 5-year periods (1970-74 and 1975-79) ; regression analyses related diameter, basal area, and volume growth to residual basal area for each period.
All plots were well stocked before treatment, ranging from 191 to 226 square feet of basal area per acre (table 1) . Trees were spaced from 8.5 to 10.3 feet apart; average d.b.h. ranged from 8.2 to 9.8 inches before thinning. All plots after thinning from above contained 2 to 8 percent of Douglas-fir, grand fir, or Engelmann spruce except one plot where 22 percent of the residual basal area was grand fir and Douglas-fir. All trees in plots thinnea from below were larch.
Plots were thinned with a Drott "f eller-buncher 4 before growth began in 1970. This machine uses shears and a grapple mounted on a 25-foot boom with a crawler tractor undercarriage. Operation of this equipment required prior removal of all trees (clearcut) in swaths 20 feet wide. Swaths were spaced 50 feet apart and oriented east and west through the stand ( fig. 1 ). The f eller-buncher moved along these clearcut strips, reaching 25 feet into the thinning strips to cut and remove the entire tree. Some variation in residual stocking levels between replications and between thinning methods for a given density level existed because a few trees marked for cutting were missed and some leave trees were accidentally pushed over by the fellerbuncher In April 1980, 10 years after the first thinning, plots were thinned for the second time with chain saws. Plots were not thinned to the original density levels after the 1970 thinning but were marked to allow an 8-percent increase in basal area, approximately the normal increase in stand density with age. The adjusted density levels after the second thinning were 54, 97, 140, and 184 square feet of basal area per acre.
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Diameter Growth
Diameter growth was greatest on the most heavily thinned plots for both thinning methods and both periods (table 2) . Average growth during the first period in plots thinned from above declined from 0.1 inch per year at the lowest density level to 0.05 inch at the highest density. In plots thinned from below, growth slowed from 0.16 to 0.09 inch per year as stocking increased. During the second period, in plots thinned from above, the growth rate (0.17 inch per year) at the lowest density was nearly three times the growth at the highest density (0.06 inch per year). These differences in diameter growth rate between growing-stock levels were significant (P<0.01) for both periods.
Diameter growth increased significantly (P<0.01) from the first to the second period, especially in plots thinned from above where growth at the lowest level was 70 percent greater during the second period. Because of the more rapid diameter growth in plots thinned from above during the second period, a significant (P<0.01) interaction existed between growth periods and thinning methods. A significant (P<0.01) period-density level interaction also was found because of the relatively greater growth at the low density level during the second period.
A significant (P<0.05) linear relationship existed between periodic annual diameter increment and stand density at the beginning of each growth period for both thinning methods ( fig. 2 ). The average growth rate was greater in plots thinned from below during both periods, but because of the increased growth of trees in plots thinned from above during the second period, average diameter growth in these plots during the second period was equal to growth in plots thinned from below during the first period.
Results
Mortality and Damage i^An thine tic diameter growth of trees living through the 5-year periods. Average diameter growth of the 49 largest trees per acre was somewhat greater than growth of all trees (table 2) , and differences were more apparent in plots thinned from above and at higher density levels because of more smaller, slower growing trees in these plots.
During the 10 years of this study, the average stand diameter in plots thinned from below increased by 5.9 inches at the lowest density compared with 4.5 inches at the highest density (table 3) . Only 20 to 32 percent of this increase, however, was the result of growth; the balance was due to the removal of many small trees in the two thinnings. But even though diameter growth in plots thinned from above was similar to growth in plots thinned from below, the increase in stand diameter after 10 years was much less (0.2 inch to 1.3 inches) because of the large diameter trees removed in the thinnings. Figure 5. Periodic annual basal area growth by density level and thinning method, second period (197 5-79) . Only one curve for plots thinned from below is shown because net and gross growth are equal because of no mortality . The curve for net growth (thinned from above) is not shown because the net growth-stand density relationship was not significant During the second period, both net and gross growth increased significantly (P<0.01) over growth in the first periodprimarily because of the increased growth in plots thinned from above ( fig. 5 ), which resulted in a significant (P<0.01) period-thinning method interaction. All mortality again occurred in plots thinned from above.
Volume Growth
Total gross cubic volume increment responded to changes in stand density in the same manner as basal area increment -growth increasing as density became greater (table 2) . Durinc the first period, cubic volume increment in plots thinned from below was significantly greater than in those thinned from above both in net (P<0.01) ana gross (P<0.05) growth (fig. 6 ). Mortality caused a loss of 37 to 89 percent of the gross cubic volume growth in plots thinned from above in contrast to no loss in plots thinnea from below. growth, only one curve for plots thinned from below is shown because net and gross growth are equal because of no mortality . For second period (197 5-79) growth, only the gross growth (thinned from above) curve is shown because the net (thinned from above and below) and gross (thinned from below) growth-stand density relationships were not significant During the second period, cubic volume growth (net and gross) increased significantly (P<0.01) over that of the first period in plots thinned both from above and below. This increased growth rate was most apparent in plots thinned from above, where gross growth rose from an average of 64 to 85 cubic feet per acre per year and net growth nearly doubled from an average of 34 to 64 cubic feet per acre per year. Again because of considerable mortality (up to 67 percent) in some plots thinned from above, net cubic volume growth was significantly (P<0.05) greater in plots thinned from below. Curves for net and gross growth (thinned from below) are not shown in figure 6 because they did not approach significance.
Although volume increment was generally greater at high stand densities, the volume is distributed over a large number of trees, many of which are smaller and slow growing. Thinning transfers growth to fewer but faster growing trees in addition to utilizing potential mortality. For example, during the first period, in plots thinned from below, 58 trees per acre at the low density produced 51 percent of the cubic volume grown by 219 trees per acre at the high level. During the second period, the low density plots produced 78 percent of the volume grown on the high density plots.
Gross board-foot volume increment increased with greater stand density during both periods, and this linear relationship was significant (P<0.01) ( fig. 7 ). During both growth periods, volume increment was greater in plots thinned from below. This difference was significant (P<0.05) during the first period but not during the second. Board-foot growth decreased significantly (P<0.05) during the second period. Loss of boardfoot increment to mortality was light during both periods. Only one tree was lost during the first period and three during the second, all in plots thinned from above. Thus, net growth is similar to gross growth. Ingrowth accounted for a considerable amount of the board-foot growth -from 10 to 75 percent of the volume during the first period and from to 60 percent during the second (table 2) Culmination of mean annual cubic increment appears to have occurred at all density levels when trees were between 55 and 60 years of age (table 4) . Mean annual board-foot increment at various ages appears to be related to stand density. At low densities, culmination occurred near 60 years of age, whereas at higher stocking levels, board-foot increment is still increasing. This increasing growth rate at higher stand densities is probably related to the greater volume of ingrowth at these levels. Schmidt (1966) suggest that the ideal time for precommerc ial thinning occurs when trees are about 10 years old and from 10 to 15 feet tall. Such early thinning prevents reduction of the crown and concentrates the rapid growth during the sapling and pole stages on crop trees.
Because of the abundant natural regeneration in both clearcut and thinned strips, the land manager has several options: (1) to remove the remaining overstory from the thinned strips and manage the reproduction on the entire area as a single even-aged stand or (2) to retain the overstory at a density level that will result in acceptable growth of both the merchantable sawtimber and the regeneration.
The major conclusions reached in this study after 10 years are:
1.
Growth response to stocking level control resulted in less total cubic volume increment per acre but greater diameter and volume growth of individual trees as stand density decreased.
2.
Thinning from above in unmanaged larch stands is not desirable because mortality of the smaller residual trees results in reduced volume growth. No mortality occurred in plots thinned from below.
3.
Trees responded to increased growing space by more rapid diameter and volume growth despite heavy infestation by the larch casebearer during 4 years of the second 5-year period.
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